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Circular economyThe Black Soldier Fly (Hermetia illucens (L.), Diptera: Stratiomyidae) is an insect whose larvae thrive on
agro-industrial by-products. This study reports the first use of black soldier fly larvae processing residue
(BSPR) as an innovative ingredient for growing media. BSPR was characterized and evaluated to partially
replace commercial peat (CP) in the production of potted plants. Chemical and microbiological analysis
showed the suitability of BSPR for soilless production. Hence, six growing media mixtures (CP 100%
+ slow acting synthetic solid fertilizer, CP 90% + BSPR 10%, CP 80% + BSPR 20%, CP 70% + BSPR 30%, CP
60% + BSPR 40% and CP 100% without fertilizer) were assessed for the production of baby leaf lettuce,
basil and tomato potted plants. Using BSPR in a proportion up to 20%, all investigated crops showed val-
ues significantly greater than or comparable to those obtained using CP 100% + slow acting synthetic solid
fertilizer. In general, BSPR used in a proportion up to 20% increased the crop growth of baby leaf lettuce,
basil and tomato, recording a high total dry weight (+31%, compared to the total average) and the mea-
sured leaf parameters (+39% of leaf area, +14% of leaf number), without showing abiotic stresses. This
study indicates that BSPR used in a proportion up to 20% might be a valid approach for soilless production
of potted baby leaf lettuce, basil and tomato plants.
 2019 Elsevier Ltd. All rights reserved.1. Introduction
One of the most important challenges for agriculture is to pro-
vide sustainable food satisfying the needs of consumers. Green-
house systems rapidly improved the yield and quality of
agricultural products and increased out-of-season production
(Dorais et al., 2001; Grillas et al., 2001; Putra and Yuliando,
2015). Soilless systems could be an effective approach to improvethe crop yield (Gruda, 2009; Mastouri et al., 2005; Ronga et al.,
2016; 2018a; 2019). Moreover, closed soilless systems might save
water and fertilizer consumption, reducing agricultural pollution
(Bar-Yosef, 2008; Grewal et al., 2011).
Soilless systems generally use inorganic growing media (GM)
such as rockwool, sand, perlite, vermiculite, pumice, expanded
polystyrene, or inorganic nutrient solutions (Böhme et al., 2008);
only about 12% use organic GM and nutrient solutions (Donnan,
1998). A growing medium is considered a material other than soil
in which crops are grown as suggested by CEN/TC223 (CEN, 2007).
One of the most commonly used organic GM is peat, due to its opti-
mal physical-chemical characteristics (Massa et al., 2018; Raviv,
2013; Sonneveld and Voogt, 2009). Some studies indicate that
the carbon accumulated in peat bogs is 20–30% of the global
organic carbon in the soil (Bolin, 1986; Gorham, 1991; Silvola
et al., 1996). Consequently, peat extraction is not ecologically sus-
tainable and its use has a negative impact on the peatland ecosys-
tem (Chrysargyris et al., 2018; Herrera et al., 2008; Massa et al.,
2018) leading to fossil carbon dioxide (CO2) mobilization, with an
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2009; Schmilewski, 2008). Moreover, the use of peat-based GM
alone cannot ensure a good growth of crops since it does not sup-
ply sufficient nutrients (Singh, 2009). Hence, these concerns led
researchers to identify and assess new GM and fertilizers able to
increase crop productions, while preserving agricultural sustain-
ability (Ronga et al., 2018a; Wallach, 2008). The testing of different
kinds of agro-industrial by-products, to obtain alternative sub-
strates and fertilizers for agricultural productions, were investi-
gated by several researchers (Antón et al., 2005; Herrera et al.,
2008; Newton et al., 2005; Pulvirenti et al., 2015; Ronga et al.,
2016, 2019).
Some studies recently evaluated the use of composted residues
(urban solid waste, sewage sludge, livestock manure and agro-
industrial waste) or solid fraction of digestates (coming from bio-
gas plants) as alternatives to peat (Bustamante et al., 2008; De
Lucia et al., 2013; Moldes et al., 2007; Ostos et al., 2008; Ronga
et al., 2016, 2018a; Shober et al., 2010; Tittarelli et al., 2009). In
general, all authors suggested that a partial replacement of com-
mercial peat with up to 20% of compost alternatives is an approach
that could improve agricultural sustainability.
The presence of the microorganisms within the GM is influ-
enced by substrate characteristics (Parkinson and Coleman,
1991). For example, chemical (such as pH and salinity), biological
(interactions between microorganisms) and pollutant (such as
complex mixtures of xenobiotics and natural compounds) factors
could alter the metabolic activities of microorganisms (Kızılkaya
et al., 2004). In addition, due to the presence of beneficial microor-
ganisms, some organic GM showed suppressive activity against
soil-borne pathogens such as potato Fusarium rot (Fusarium solani)
and Sclerotinia blight (Sclerotinia minor) (Pane et al., 2012a).
The presence of the microorganisms in the GM may also influ-
ence the microbiological quality of the harvested crops as many
microorganisms can survive on leaves and fruits (Riser et al.,
1984). In particular, Escherichia coli and Salmonella typhimurium,
belonging to the Enterobacteriaceae family, were mainly detected
on vegetables (Dunlop and Wang, 1961; Friesema et al., 2008;
Hilborn et al., 1999). The microbiological contamination of raw
vegetables might occur during the pre- or post-harvest phase.
The main sources of contamination of fresh products in open field
production can be due to the application of an organic fertilizer,
such as manure, and/or to the irrigation with contaminated water
(de Oliveira et al., 2012; Oliveira et al., 2010; Riser et al., 1984). The
adoption of GM and the application of Good Agricultural Practices
(GAP), defined in the Codex Alimentarius, can be directly linked
with the reduction of microbial risks (FAO, 2003; de Quadros
Rodrigues et al., 2014).
The use of saprophagus insects might represent a win-win solu-
tion for the alternative management of agro-industrial by-
products, obtaining high value products that can be used in specific
industries and farming. Black soldier (Hermetia illucens (L.), Dip-
tera: Stratiomyidae) fly larvae (BSF) thrive on a wide variety of
wet organic substrates of both vegetable and animal origin (Gold
et al., 2018) and were used to manage different types of waste,
such as livestock manures (Zhou et al., 2013), human excreta, car-
rion (Oonincx et al., 2015, Rozkosny, 1983; Schremmer, 1986), crop
residues (Wang et al., 2017), restaurant waste, by-products from
food chains (Czekała, 2017; Nyakeri et al., 2017), and municipal
solid organic waste (Oonincx et al., 2015, Spranghers et al.,
2017). The adoption of BSF to process wastes can achieve a reduc-
tion in dry mass volume of the organic material that ranges from
38 to 74% (Gold et al., 2018) as well as a reduction of nitrogen
and phosphorous contents by 30–80% (Myers et al., 2008;
Oonincx et al., 2015). Moreover, BSF can rapidly and efficiently
convert high amounts of low-quality organic substrates into
high-value insect biomass that is rich in protein and fat, thus pro-viding alternative and sustainable matter for feed, food (Wang and
Shelomi, 2017) and for biodiesel productions (Feng et al., 2018). In
optimal rearing conditions, the life cycle may take 15 days from
eggs to prepupae (Gold et al., 2018), while the composting and ver-
micomposting processes take from a minimum of 3–6 months to
7–8 months, depending on the pre-treatment applied and the tech-
nology of the plant (Jamaludin and Mahmood, 2010; Masciandaro
et al., 2010). In addition, BSF activity alters the substrate in a way
that inhibits the growth of other fly species, such as the pestMusca
domestica L. (Diptera: Muscidae) (Bradley and Sheppard, 1984),
and significantly decreases the presence of pathogenic bacteria,
such as Escherichia coli, Salmonella spp., and other Gram-negative
bacteria (Erickson et al., 2004; Lalander et al., 2013; Choi and
Jiang, 2014). The residual substrate after BSF processing could be
used as a soil improver, providing nutrients both in the organic
and in the conventional cropping systems (Kebli and Sinaj, 2017).
Thus, the use of BSF to convert agro-industrial by-products could
fit well into a circular economy perspective, improving agricultural
productions. However, to the authors’ knowledge, no information
is available regarding the use of BSPR in soilless systems for the
production of cash crops. Thus, the objectives of the present study
were to assess the chemical, microbiological and agronomic prop-
erties of BSPR to obtain an innovative ingredient for alternative
GM, able to contribute to the reduction of peat utilization.2. Materials and methods
2.1. BSPR production
BSF used for the experiment were obtained from flies previously
collected in the composters located in the provinces of Modena and
Cuneo (Northern Italy). Both larvae and adults were kept in cli-
matic chambers under controlled conditions (27 ± 0.5 C, 60–70%
RH, 16L:8D). BSF larvae ( 500 for each container) were reared
in glass containers (21 cm width  13 cm depth  5 cm height)
until the prepupal stage was reached. Prepupae were placed in
cages (BugDorm-4 Insect Rearing Cage, 32.5  32.5  32.5 cm,
NHBS, UK) where the emerged adults could feed on cotton wick
imbibed with a water-sugar solution, fly, mate and lay eggs. The
duration of the BSF life cycle was 23–26 days from eggs to
prepupae.
Although BSF larvae can be reared on many agro-industrial by-
products, in order to have a standard residual output, the larvae
used in the present study were reared on the typical standard lab-
oratory ‘‘Gainesville House Fly” diet, which consists of 50% wheat
bran, 30% alfalfa meal and 20% corn meal, kept at 60% moisture
(Hogsette, 1992; Sheppard et al., 2002). To obtain the BSPR,
0.02 g of BSF eggs derived from the adult cages were initially
placed in each container (20 in total) on a 4-cm layer of the stan-
dard diet, that was kept constant by adding the diet three times
per week, to maintain aerobic rearing conditions (Caruso et al.,
2014). Overall, the feeding rate was 170 mg diet larva1 day1.
Once all the larvae were become prepupae (22–24 days on aver-
age), the BSPR from each box was collected in plastic bags and
placed in a fridge (0–4 C) for 10 days. Immediately after, samples
of BSPR were collected from 10 different points from each bag,
pooled and mixed before the analysis.2.2. Chemical analysis of BSPR
The content of different elements (Ca, Mg, Na, Cr, Cu, Mn, Pb and
Zn) was determined after acid digestion with a microwave oven
according to EPA 3052 (1996), with ICP-OES (iCAP 6000 Series,
Thermo Scientific, Waltham, MA, USA) on the basis of the EPA
6010D 2014 standard. The following parameters were measured
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EN 13137:2002); organic N (UNI EN 13654–1:2001 and ISO
11261:1995); total N (UNI EN 13654–1:2001 and ISO
11261:1995); P2O5 and K2O contents (UNI EN 13650:2002 and
UNI EN ISO 11885:2009). The water content of the BSPR was deter-
mined after drying at 105 C for 72 h. The GM water capacity (the
amount of water held in the GM, after that water in excess was
drained away) was determined by the gravimetric method as sug-
gested by Young et al. (2014), with two replicates for each control
and treatment. pH and EC were determined on wet material (1:5
ratio) using a CRISON pH meter basic 20 and CRISON GLP 31 EC
meter, respectively, according to Violante (2000).2.3. Suppressiveness, phytotoxicity and microbiological
characterizations of BSPR
The ability of BSPR to suppress two important soil-borne patho-
gens, such as Rhizoctonia solani and Sclerotinia minor, was evalu-
ated using garden cress (Lepidium sativum L.) as host plant.
Potting-mixes were prepared by amending peat with BSPR at a rate
of 20% by vol. (Pane et al., 2013). The bioassays were performed
using ten pots per treatment and pots filled up only with non-
amended peat were used as control. Pathogen inoculations, pot
assessment and processing data were performed as suggested by
Pane et al. (2011). The bioassay was done in duplicate.
BSPR was also evaluated for phytotoxicity by using the method
suggested by Zucconi et al. (1981). Twenty seeds of L. sativumwere
incubated at 20 C in three-replicated Petri dishes in which 4 mL of
BSPR water extract (50 g L1) that was poured over sterile filter
paper. After 36 h, the germination index percentage (GI%) was cal-
culated both for roots and shoots. For roots, the following formula
was used:
GI% ¼ 100 ðG1=G2Þ  ðR1=R2Þ ð1Þ
where G1 and G2 are germinated seeds in the sample and control
and R1 and R2 are mean root length for the sample and for the con-
trol, respectively. For shoots, a similar formula to that adopted for
roots was used:
GI% ¼ 100 ðG1=G2Þ  ðS1=S2Þ ð2Þ
where G1 and G2 are germinated seeds in the sample and control
and S1 and S2 are mean shoot length of the sample and control,
respectively.
To assess the microbiological stability of BSPR, fluorescein diac-
etate (FDA) hydrolysis was measured as described by Pane et al.
(2012b). The intensity and the diversity of microbial metabolism
were evaluated by the Biolog EcoPlate TM system (Biolog Inc.,
CA, USA) in duplicate as described in Pane et al. (2013) and were
expressed as the average well colour development (AWCD).
The abundance of culturable filamentous fungi, total bacteria
and Clostridia spp. in BSPR were evaluated by serial ten-fold
(101 to 107) dilution method in triplicate. Fungi were counted
on potato dextrose agar (PDA, Oxoid) pH 6, supplemented with
150 mg L1 of nalidixic acid and 150 mg L1 of streptomycin. Total
bacteria were counted on selective medium (glucose 1 g L1, pro-
teose peptone 3 g L1, yeast extract 1 g L1, potassium phosphate
(K2PO4) buffer 1 g L 1, agar 15 g L1) supplemented with actidione
100 mg L1. Clostridia spp. were counted by plating ten-fold dilu-
tions of BSPR on Nutrient Agar (Sadfi et al., 2001) that was previ-
ously heated at 90 C for 10 min. Population densities were
reported as colony forming unit (CFU) g1 dry weight of BSPR. Coli-
form bacteria, Escherichia coli, and Salmonella spp. detection was
performed following the methods reported by Cekmecelioglu
et al. (2005).2.4. GM preparation and chemical and microbiological
characterizations
To assess the ability of BSPR to replace peat, six different GM
were composed as follows (% vol.): commercial peat (CP) 100%
+ 15-9-15 slow acting synthetic solid fertilizer (NPK Original
Gold, Compo, MB, Italy, using 3.79 g pot1) (GM1); CP 90% + BSPR
10% (GM2); CP 80% + BSPR 20% (GM3); CP 70% + BSPR 30% (GM4);
CP 60% + BSPR 40% (GM5) and CP 100% (GM6). Commercial peat
(Fondolinfa Universale, Linfa Spa, RE, Italy), formulated with the
exclusive use of neutralized peat with different degrees of decom-
position, contained 70% of organic matter, 35% of organic carbon,
0.6% of nitrogen (N) and having pH 6.0. In GM1 the slow acting syn-
thetic solid fertilizer was added only before the sowing. In GM, pH
and EC were determined as described above.
GM were assessed for phytotoxicity, incubating twenty seeds
per tested species (baby leaf lettuce, basil and tomato) at 20 C as
reported above for garden cress.
The GM were analyzed with three replicates for the presence of
aerobic mesophilic colony forming unit (MAC) and Enterobacteri-
aceae bacteria (EB). Microbiological analyses were performed sep-
arately on six GM as described: 10 g of each sample were
homogenized with 90 mL of physiological solution (9 g L1 of NaCl)
in a sterile stomacher bag for 60 s in a Stomacher instrument (Sto-
macher 400, Seward). The obtained solution (mother dilution or
101 dilution) was used for the serial dilutions. To determine the
MAC and EB colonies, Brain Heart Infusion Agar (BHIA, 70138,
Sigma-Aldrich) and Violet Red Bile Glucose Agar (VRBGA,
CM0485, Oxoid) were used as the microbiological medium, respec-
tively. The selected dilutions of the mixed solution were inoculated
in Petri dishes of BHIA and VRBGA media, according to the micro-
biological protocol ISO 4833-1:2013 and ISO 4831:2006, respec-
tively. The incubation time was 24 h at 37 C for both media.
2.5. Nursery experiment
The potting experiment was carried out in a growth chamber
with controlled temperature ranging from 23 C to 19 C (day/
night), relative humidity ranging from 50% to 60% and a photope-
riod with 16 h of light (intensity 180 lmol m2 s1) and 8 h of
dark. Baby leaf lettuce (Lactuca sativa L., cv. Chiara), basil (Ocimum
basilicum L., cv. ISI 602) and tomato (Solanum lycopersicum L., cv.
Roma V.F.) were sown manually 20, 2 and 1 seed per pot, respec-
tively. Plastic pots were used (diameter 10 cm and height 8 cm,
0.4 L) and filled with the different GM. Each pot was placed in a
pot saucer and arranged in a completely randomized design with
twelve replicates; pots were manually irrigated every day up to
GM water capacity. Emergence in each pot was recorded every
two days, as reported by Herrera et al. (2008). Emergence rate




where G is the number of seeds that emerged in 2-day intervals and
t is the total time of emergence (Khan and Ungar, 1998). At harvest,
30 days after sowing, the following parameters were measured on
six replicates per treatment: stem height and diameter, stem
height-to-diameter ratio, number of leaves and chlorophyll concen-
tration of the youngest fully expanded leaf, using Minolta SPAD-502
(Minolta, Japan). For each replicated pot, the leaves, stems and total
dry weights were recorded (leaf dry weight only for baby leaf let-
tuce). The organs (leaves and stems) were oven-dried at 65 C until
constant weight.
Leaf indices were recorded, such as leaf area (LA), specific leaf
area (SLA), expressed as the ratio between LA and leaf dry weight,
and leaf area ratio (LAR), expressed as the ratio between LA and
Table 1




EC (dS m1) 8.5
TOC (%) 35.2
Total N (%) 4.4







Cd (mg kg1) 0.5
Ni (mg kg1) 6.1
Cr (mg kg1) 0.6
Zn (mg kg1) 140.0
Cu (mg kg1) 46.1
Hg (mg kg1) <0.2
Pb (mg kg1) <0.1
Fe (mg kg1) 600.0
H2O (%) 51.4
TOC = total organic carbon. All values as dry weight.
L. Setti et al. /Waste Management 95 (2019) 278–288 281total dry weight. LA was measured using fresh leaves that were run
through the leaf area meter LI-3000A (LI-COR Inc., Nebraska, USA).
A sub-sample of baby leaf lettuce and basil for each treatment
was used to detect leaf nitrate content (UNI EN 12014-2:1998).
Moreover, for baby leaf lettuce, the leaves of each treatment were
microbiologically analyzed with three replicates. The mesophilic
aerobic colony forming unit of lettuce (MACL) and Enterobacteri-
aceae count of lettuce (EBL) were calculated as described: 10 g of
each sample were mixed with 90 mL of physiological solution in
a sterile stomacher bag and treated for 60 s in a Stomacher instru-
ment. The same dilutions used for the soil samples were plated
twice in Petri dishes with BHIA medium for the isolation and quan-
tification of MACL and VRBGA medium for EBL.
2.6. Data analysis
Experimental data was analyzed using GenStat software for
one-way Analysis of Variance (ANOVA), after confirmation of the
homogeneity of variance and normality assumptions. Significant
means were separated by Duncan’s test at p < 0.05. When values
were not normally distributed, a Kruskal–Wallis test followed by
a Dunn post-hoc test was performed.Table 2
Suppressiveness, phytotoxcity and microbiological characterization of Residual After
Black Soldier Fly Processing.
Index Value
Rhizoctonia solani damping-off (%) 100.0
Sclerotinia minor damping-off (%) 71.0*
GI root (%) 222.0*
GI shoot (%) 117.0*
Biolog community level AWCD (ABS 590 nm) 1.2
FDA hydrolysis lg g1 2 h1 1.8
Fungi (CFU g1) 1.9E + 03
Bacteria (CFU g1) 1.4E + 04
Coliform bacteria (CFU g1) 0.4E + 03
Escherichia coli (CFU g1) Absent
Salmonella spp. (CFU g1) Absent
Clostridia spp. (CFU g1) Absent
Note. GI = germination index, AWCD = average well colour development,
FDA = fluorescein diacetate.
* = statistically different compared to the control, ABS = absorbance.3. Results and discussion
To the authors’ knowledge this is the first study that assessed
the suitability of BSPR as an alternative to peat in the GM produc-
tion. Therefore, the results reported in the present study are dis-
cussed in comparison with results for other innovative
ingredients reported in the literature.
3.1. Chemical characteristics of BSPR
The main chemical characteristics of BSPR are reported in
Table 1. BSPR showed an alkaline pH (8.8) with an EC of 8.5 dS m1.
The high pH and EC shown by BSPR encourages its dilution with a
peat-based mixture as previously suggested by other authors who
worked on different agro-industrial by-products (Bugbee, 1996;
Poole et al., 1981; Ronga et al., 2016). Total N in the BSPR was more
than seven times compared to peat (4.4 vs. 0.6%). The C/N ratio was
8.0, a good value for seedling production as reported by Golueke
(1981). On the other hand, the low C/N ratio might suggest further
treatment to increase the BSPR stabilization.
BSPR showed values of heavy metal that allow its commercial-
ization in the European Community, according to the European
Regulation CE 2003/2003. However, is important to highlight that
the residue used in this study was obtained using an artificial diet,
and not using real wastes. Hence, further studies are needed to
assess the BSPR coming from real wastes.
3.2. Biological and microbiological characteristics of BSPR
Soil-borne disease suppressive activity is a desirable property
both for organic amendments (Bonanomi et al., 2007) and for
organic GM (Avilés et al., 2011), constituting an added value. In
the present study, suppressive bioassays showed that garden cress
damping-off caused by S. minor was significantly reduced by BSPR,
but it proved to be unable to control Rhizoctonia disease (Table 2).
The reason for the different responses may be due to the different
variables of organic amendments that are involved in the suppres-
sivity of plant disease causal agents. However, further studies are
still needed to corroborate this hypothesis. Kotsou et al. (2004)
showed that the use of agro-industrial by-products for soil amend-
ment leads to an increase of bacterial populations, mainly r-
strategists, which provide unfavourable growth conditions of R.solani. These results confirm that there is an indirect effect of
chemical factors on the suppressive capacity of GM and that resi-
dent microbial communities could determine long-term biocontrol
of plant pathogens (Handelsman and Stabb, 1996; Szczech, 2008).
However, a greater in-depth understanding of the existing interac-
tion mechanisms among biocontrol agents with the host plant and
pathogens is thus required. In addition, an assessment of the fertil-
izer effects (contained in the GM) on disease suppression could
benefit from further investigation.
The germination assays indicated no phytotoxicity problems for
the BSPR tested. In fact, Eqs. (1) and (2) showed values greater than
50%, which may be considered as a threshold value for phytotoxi-
city (Zucconi et al., 1981). In particular, GI% proved greater for root
(Eq. (1), 222.0) than shoot (Eq. (2), 117.0) of L. sativum (Table 2).
The resident microbial community was shown to be the major
factor for biological control of pathogens in organic matrix,
through several antagonistic mechanisms related to the ecological
relationship between microbes (Hadar, 2011). In addition, fungal
populations were reported as the main contributors of biological
suppressiveness in organic matrix (Hardy and Sivasithampram,
1995). Levels of microbial populations in BSPR are shown in
Table 2. Populations of total fungi, total bacteria and Coliform
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tively (Table 2). In addition, a total absence was recorded for
Escherichia coli, Clostridia spp. and Salmonella spp. in line with the
ecolabel criteria established by Decision 2001/688/CE (Ecolabel,
2001). FDA activity was 1.8, while AWCD showed a value of 1.2
(Table 2), indicating good microbiological stability as reported by
Pane et al. (2013).
3.3. Chemical characteristics of GM
After the assessment of the chemical, biological and microbio-
logical suitability of BSPR as an ingredient for GM production, dif-
ferent GM were prepared, as described above, and tested for baby
leaf lettuce, basil and tomato potted production. The GM pH values
ranged between 6.1 and 7.7 (Table 3), which were suitable for the
production of baby leaf lettuce, basil and tomato and also for other
horticultural crops (Bugbee, 1996; Raviv et al., 1986). The EC val-
ues, for the different GM, ranged between 1.3 and 3.3 dS m1
(Table 3). These salinity values were high, but below the threshold
value of 3.5 dS m1 reported by Lemaire et al. (1985) and Noguera
et al. (2003) as the maximum level advisable for seedling growth
on organic substrates. Total N reported as g per pot ranged between
0.6 and 1.1, while mineral N ranged between 0.0 and 0.6 g per pot.
The nitrogen contents were in line with the values reported by
Ronga et al. (2016). Finally, GM water capacity ranged between
84.3 and 87.0%, fitting the values recommended by Abad et al.
(2001) for organic waste used as GM. In particular, GM3 and
GM1 showed similar values of total N and water capacity, confirm-
ing the suitability of BSPR as an interesting ingredient for the pro-
duction of alternative GM, replacing peat.
3.4. Microbiological analysis of lettuce and respective GM
The introduction of organic matter into the soil could stimulate
and revitalize both biological and microbiological activities (Brady
and Weil, 1999; Pascual et al., 1999). These activities could be use-
ful as biocontrol agents in the GM (Hoitink and Boehm, 1999),
especially in intensive crop production where food-borne out-
breaks often occur, like baby leaf vegetables (Nicola and Fontana,
2014). Fig. 1 shows the microbiological results of MAC regarding
both the samples of baby leaf lettuce and their respective GM.
The CFU values ranged from 1.0E + 03 to 1.0E + 09 for baby leaf let-
tuce samples and from 1.0E + 06 to 1.0E + 09 for GM. The MAC
count differed in each sample pair. In fact, GM1, GM4, GM5 and
GM6 samples displayed a lower CFU than their respective GM.
On the other hand, GM2 and GM3 samples showed higher MACL
compared to their respective GM. These results are probably due
to the low microbial adhesion capacity, typical of agro-industrial
by-products, which affected the shifting of the microbial load in
the lettuce samples (Chang and Chen, 2012) and, probably, the
same is expected for BSPR.
Fig. 2 shows the microbiological results of EB CFU regarding
both the samples of baby leaf lettuce and their respective GM.Table 3
Growing media assayed on baby leaf lettuce, basil and tomato potting plant production.
Substrates Formulation pH () EC (dS m1)
GM1 CP + SF 6.1 1.6
GM2 CP 90% + BSPR 10% 6.2 2.1
GM3 CP 80% + BSPR 20% 6.3 2.2
GM4 CP 70% + BSPR 30% 7.3 2.7
GM5 CP 60% + BSPR 40% 7.7 3.3
GM6 CP 6.1 1.3
Note. GM = growing media, CP = commercial peat, SF = synthetic fertilizer (15 – 9
GMWC = Growing media Water Capacity.The CFU values ranged from 0.0E + 00 to 1.0E + 04 for baby leaf let-
tuce samples and from 1.1E + 09 to 1.2E + 09 for GM. In general, all
the GM mixtures presented higher counts of EB compared to the
baby leaf lettuce samples. In particular, EBL of the GM4 and GM6
samples did not record any colonies. This phenomenon was prob-
ably ascribed to the high BSPR concentration in GM4 and GM6. In
fact, the modification of the organic composition of GM could influ-
ence its microbial concentration (Dar, 1996; Goyal et al., 1992).
The microbiological analysis of the baby leaf lettuce showed
some levels of MAC and EB above the threshold values. Indeed,
the microbiological safety thresholds for selling both fresh and
ready-to-eat vegetables are 5.0E + 05 CFU g1 for MAC and 1.0E
+ 03 CFU g1 for EB (HPA, 2009). In the present study, however,
analyses were undertaken on unwashed leaves, though a consider-
able reduction of microbiological CFU could occur after washing
(Issa-Zacharia et al., 2011).3.5. Effects of BSPR on crop production
The germination assay (Tables 4, 5 and 6, section A) demon-
strates that no GM displayed phytotoxicity problems, reporting
values greater than 50%, as suggested by Zucconi et al. (1981). In
particular, for baby leaf lettuce, the values of GM1 and GM2 were
the highest (94.9 and 95.4, respectively). For basil and tomato,
GM3 (143.4) and GM2 (122.0) showed the highest values.
In the present study, the Eq. (3) and the percentage of emer-
gence of baby leaf lettuce, basil and tomato seedlings were affected
by GM composition. As expected, the GM with the lowest percent-
age of BSPR showed the highest values among the experimental
treatments. For baby leaf lettuce and basil GM2 performed as well
as GM6 both for Eq. (3) and percentage of emergence, while for
tomato, GM3 recorded the highest value of Eq. (3). Regarding the
highest concentration of BSPR, GM5 recorded the lowest value of
Eq. (3) and the percentage of emergence both in baby leaf lettuce
and in basil, while GM4-6 performed lower in tomato for Eq. (3)
compared to GM1-3 (Tables 4, 5 and 6, section A). The main cause
of seed emergence reduction using a high dose of BSPR could be
ascribed to the high level of pH and EC of the BSPR. Bustamante
et al. (2008), Ribeiro et al. (2007) and Ronga et al. (2016) recorded
similar results assessing the emergence of lettuce, chard, basil,
broccoli, coriander and tomato on traditional GM amended with
alternative agro-industrial by-products, such as composts and the
solid phase of pig slurry. Castillo et al. (2004) reported a reduction
in the percentage of tomato seedling emergence on the GM
amended with municipal solid waste compost, showing pH and
EC values greater than 7.0 and 9.0 dS m1, respectively. In order
to solve these problems, researchers have proposed different dilu-
tions of the alternative agro-industrial by-products with peat in
the production of GM (Burger et al., 1997; Pinamonti et al., 1997).
In the present study, crops grown in pots, containing BSPR in
any proportion up to 10%, showed similar or greater height and
stem diameter as compared with the fertilized and un-fertilized







– 15 NPK), BSPR = Residual After Black Soldier Fly Larvae Processing Residue,
Fig. 1. Comparison between baby leaf lettuce and own growth substrates for aerobic mesophilic colony forming unit (MAC) count. Means are expressed as log colony forming
unit (CFU) g1 for MAC count. Growing media (GM)1 = commercial peat (CP) 100% + 15-9-15 slow acting synthetic solid fertilizer; GM2 = CP 90% + black soldier fly larvae
processing residue (BSPR) 10%; GM3 = CP 80% + BSPR 20%; GM4 = CP 70% + BSPR 30%; GM5 = CP 60% + BSPR 40%; GM6 = CP 100%. The blue columns indicate the CFU of
substrates. Red columns indicate the CFU of the baby leaf lettuce. Columns marked by the same letter are not significantly different at p < 0.05 according to Duncan’s
multiple-range test. Bars represent standard error. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
Fig. 2. Comparison between baby leaf lettuce and own growth substrates for Enterobacteriaceae bacteria colony forming unit (EB) count. Means are expressed as log colony
forming unit (CFU) g1 for EB count. Growing media (GM)1 = commercial peat (CP) 100% + 15-9-15 slow acting synthetic solid fertilizer; GM2 = CP 90% + black soldier fly
larvae processing residue (BSPR) 10%; GM3 = CP 80% + BSPR 20%; GM4 = CP 70% + BSPR 30%; GM5 = CP 60% + BSPR 40%; GM6 = CP 100%. The blue columns indicate the CFU of
substrates. Red columns indicate the CFU of the baby leaf lettuce. Columns marked by the same letter are not significantly different at p < 0.05 according to Duncan’s
multiple-range test. Bars represent standard error. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
L. Setti et al. /Waste Management 95 (2019) 278–288 283those of Raviv et al. (2005), Ronga et al. (2016) and Ronga et al.
(2018a), who reported that composts obtained from separated
cow manure with by-products, spent coffee grounds and digestate
coming from biogas plants, positively affected the height of
tomato, basil, lettuce and mint grown in soilless systems under
greenhouse conditions.
Another important trait linked to seedling quality, in nursery
production, is the stem height-to-diameter ratio (Herrera et al.,
2008). The three investigated species behaved differently; how-
ever, plants cropped in GM2 showed a balanced ratio, showing val-ues similar or higher than recorded in fertilized and un-fertilized
pots (Tables 4, 5 and 6, section B).
The use of BSPR as an ingredient for GM preparation also posi-
tively affected the number of leaves in baby leaf lettuce, basil and
tomato potted plants compared to the average value of all GM. In
general, higher or similar values of leaf number were observed
on GM2 for each investigated crop (Tables 4 and 5, section A and
Figs. 3–5). Accordingly, Ribeiro et al. (2007), who worked on for-
estry wastes, showed an increasing number of leaves in tomato
grown on substrates containing peat mixed with compost.
Table 4
Main biometrical and agronomic investigated traits on baby leaf lettuce.


















GM1 94.9 a 3.8 c 75.1 c 11.7 a 1.7 b 6.8 a 43.9 a
GM2 95.4 a 4.0 ab 81.2 ab 11.7 a 2.2 a 5.4 ab 40.2 ab
GM3 70.7 b 3.8 c 75.3 c 10.3 b 2.1 a 4.9 b 41.2 ab
GM4 77.4 ab 2.8 c 55.2 d 10.1 b 2.0 ab 5.0 ab 35.8 b
GM5 77.4 ab 2.3 d 45.2 d 7.2 c 1.0 c 6.9 a 28.2 c
GM6 78.4 ab 5.1 a 90.1 a 8.1 c 2.1 a 3.8 c 24.8 c
Average 82.4 3.6 18.0 9.8 1.9 5.5 35.7
B. Dry weight production and leaf indices of baby leaf lettuce potted plants.
Growing
media








0.7 ab 655.0 b 906.7 ab
GM2 17.1 n.
s.
0.9 a 815.3 a 944.3 ab
GM3 16.1 n.
s.
0.7 ab 609.1 b 865.7 b
GM4 16.1 n.
s.
0.6 bc 591.1 bc 1019.5 a
GM5 16.0 n.
s.
0.3 c 337.5 c 1035.9 a
GM6 22.8 n.
s.
0.4 c 414.9 c 978.4 ab
Average 18.0 0.6 570.5 958.4
Notes. Mean values (n = 6) within a column followed by different lowercase letters are significantly different at p < 0.05 according to Duncan’s multiple-range test while for
germination index and emergence the Dunn’s test was used. n.s. = not significant. SPAD = index of chlorophyll concentration. SLA = specific leaf area.
Table 5
Main biometrical and agronomic investigated traits on basil.















GM1 100.0 b 0.4 b 76.7 c 9.8 ab 2.0 a 5.0 ab 5.7 bc
GM2 120.1 ab 0.5 a 93.3 a 11.8 a 2.0 a 6.0 a 7.2 a
GM3 143.4 a 0.4 ab 86.7 b 8.3 bc 1.7 a 4.8 ab 7.7 a
GM4 118.2 ab 0.4 ab 83.3 b 6.5 cd 1.6 a 4.0 ab 6.7 ab
GM5 96.2 c 0.2 c 36.7 d 1.5 e 1.1 b 1.4 d 5.3 c
GM6 97.5 c 0.5 a 93.3 a 5.3 d 1.8 a 2.9 c 7.0 ab
Average 112.6 0.4 78.3 7.2 1.7 4.0 6.6
B. Dry weight production and leaf indices of basil potted plants.
Growing
media











SLA (cm2 g1) LAR
(cm2 g1)
GM1 33.3 a 0.12 ab 0.03 ab 0.16 ab 65.0 bc 525.7 d 410.0 d
GM2 26.3 ab 0.15 a 0.04 a 0.19 a 145.0 a 975.3 b 762.8 b
GM3 21.3 bc 0.09 abc 0.02 abc 0.11 ab 60.9 c 654.6 c 534.7 c
GM4 20.3 bc 0.07 bc 0.03 ab 0.09 bc 57.8 c 876.2 bc 614.6 c
GM5 18.1 c 0.03 c 0.01 c 0.04 c 50.8 cd 1970.1 a 1268.8 a
GM6 24.7 b 0.09 abc 0.02 bc 0.11 ab 90.0 b 997.8 b 854.4 b
Average 23.5 0.09 0.03 0.12 76.34 78.2 1000.0
Notes. Mean values (n = 6) within a column followed by different lowercase letters are significantly different at p < 0.05 according to Duncan’s multiple-range test while for
germination index and emergence the Dunn’s test was used. SPAD = index of chlorophyll concentration. SLA = specific leaf area. LAR = leaf area ratio.
284 L. Setti et al. /Waste Management 95 (2019) 278–288Freshness and greenness are important indicators of visual qual-
ity, and greenness is correlated with chlorophyll content in the
leaves (Fan and Thayer, 2001). Greenness was assessed by SPAD
values and no differences were recorded in baby leaf lettuce
(Table 4, section B). On the other hand, in basil the SPAD values
were the highest in GM1 (33.32) followed by GM2 (26.3) (Table 5,
section B), while in tomato potted plants, SPAD values were the
highest in both GM2 and GM6 (45.6 and 44.5, respectively) (Table 6,
section B). These different responses in SPAD patterns could beascribed to the different uptake of the three investigated species
or to the different leaf physiological status as reported by Ronga
et al. (2018b). In fact, as reported by Wilson et al. (2002), SPAD
values depend mainly on the crop species. However, using
agro-industrial by-products, differential SPAD responses could also
be due to pH and EC-induced stresses, as previously reported in ger-
bera grown in GM amended with compost (Caballero et al., 2009).
The BSPR used as fertilizer increased the fresh biomass produc-
tion of lettuce and ryegrass (Kebli and Sinaj, 2017), but its effect on
Table 6
Main biometrical and agronomic investigated traits on tomato.















GM1 91.3 c 0.3 b 100.0 n.
s.
18.3 a 5.7 a 3.2 ab 6.5 ab
GM2 122.0 a 0.3 b 100.0 n.
s.
18.1 a 5.3 ab 3.4 ab 6.7 a
GM3 113.3 ab 0.5 a 100.0 n.
s.
18.6 a 4.7 bc 3.9 a 5.5 bc
GM4 83.3 c 0.2 c 100.0 n.
s.
13.1 b 3.9 c 3.3 ab 4.7 c
GM5 102.0 b 0.1 c 100.0 n.
s.
7.5 c 2.4 d 3.1 b 3.0 d
GM6 98.7 c 0.2 c 100.0 n.
s.
14.9 ab 4.0 c 3.7 a 5.3 c
Average 101.8 0.2 100.0 15.1 4.3 3.5 5.3
Growing
media











SLA (cm2 g1) LAR
(cm2 g1)
GM1 43.2 ab 0.4 a 0.21 a 0.6 a 213.0 a 497.6 c 334.2 b
GM2 45.6 a 0.5 a 0.20 a 0.7 a 222.9 a 439.4 c 316.0 c
GM3 41.7 ab 0.3 ab 0.14 b 0.5 ab 174.1 b 568.4 b 387.6 b
GM4 35.2 b 0.2 bc 0.22 a 0.4 ab 133.7 b 775.1 a 344.1 b
GM5 25.7 c 0.1 c 0.02 d 0.1 b 42.6 d 572.6 b 450.3 ab
GM6 44.5 a 0.2 bc 0.07 c 0.2 b 128.9 c 751.2 a 531.6 a
Average 39.3 0.3 0.14 0.4 152.5 600.7 394.0
Notes. Mean values (n = 6) within a column followed by different lowercase letters are significantly different at p < 0.05 according to Duncan’s multiple-range test while for
germination index and emergence the Dunn’s test was used. SPAD = index of chlorophyll concentration. SLA = specific leaf area. LAR = leaf area ratio.
Fig. 4. The six representative pots of basil. Growing media (GM1) = commercial peat (CP) 100% + 15-9-15 slow acting synthetic solid fertilizer; GM2 = CP 90% + black soldier
fly larvae processing residue (BSPR) 10%; GM3 = CP 80% + BSPR 20%; GM4 = CP 70% + BSPR 30%; GM5 = CP 60% + BSPR 40%; GM6 = CP 100%.
Fig. 3. The six representative pots of baby leaf lettuce. Growing media (GM)1 = commercial peat (CP) 100% + 15-9-15 slow acting synthetic solid fertilizer; GM2 = CP 90%
+ black soldier fly larvae processing residue (BSPR) 10%; GM3 = CP 80% + BSPR 20%; GM4 = CP 70% + BSPR 30%; GM5 = CP 60% + BSPR 40%; GM6 = CP 100%.
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plants is a fundamental parameter in guaranteeing successful
transplant, though total dry weight is negatively correlated with
transplant stresses (Herrera et al., 2008).
For baby leaf lettuce, BSPR 10–20% vol. (GM2-3) provided the
highest levels in terms of leaf dry weight (0.9, 0.7 g pot1,
respectively), reaching similar values to GM1 (0.7 g pot1) (Table 4,
section B).Basil cropped on GM2 induced greater biomass production in
terms of leaf, stem and total dry weight (66%, +100% and +72%
g pots1, respectively) in comparison with unfertilized control
and reaching values similar to those of the fertilized control
(GM1, 0.1, 0.03 and 0.2 g pot1, respectively) (Table 5, section B).
Regarding tomato, BSPR 10% vol. (GM2) provided higher values
of leaf, stem and total dry weight (+88%, +185% and 195% g pot1,
respectively) in comparison with unfertilized control and perform-
Fig. 5. The six representative pots of tomato. Growing media (GM1) = commercial peat (CP) 100% + 15-9-15 slow acting synthetic solid fertilizer; GM2 = CP 90% + black
soldier fly larvae processing residue BSPR 10%; GM3 = CP 80% + BSPR 20%; GM4 = CP 70% + BSPR 30%; GM5 = CP 60% + BSPR 40%; GM6 = CP 100%.
286 L. Setti et al. /Waste Management 95 (2019) 278–288ing as well as GM1 (0.4, 0.2, and 0.6 g pot1, respectively) (Table 6,
section B).
The results reported in the present study are broadly consistent
with those of previous authors, which stated that an increase of
plant biomass is one of the macroscopic effects induced by the par-
tial substitution of peat in the GMwith agro-industrial by-products
such as compost and digestate (Bustamante et al., 2008; Ribeiro
et al., 2007; Ronga et al., 2016, 2018a, 2019). Moreover, the use
of agro-industrial by-products can also allow a replacement of
the synthetic fertilizers (Ikumo, 2005). This is probably due to
the nutrient availability or to the presence of some microorgan-
isms and compounds, in the agro-industrial by-products, able to
stimulate the crop growth (Bernal-Vicente et al., 2008). In fact,
when these substances are accumulated in the rhizosphere, they
might improve the biochemical activity of crops, similarly to
auxine-like promoters (Jindo et al., 2012).
The number and the biomass of the leaves are positively
linked to the LA, which is directly implicated in photosynthetic
performance. In the present study, LA of baby leaf lettuce was
the highest in GM2 (815.3 cm2) followed by GM1 and GM3
(655.0 and 609.1, respectively) (Table 4, section B). For basil,
higher LA value was recorded using GM2 (145.0 cm2) compared
to the values of the fertilized and unfertilized ones (65.0 cm2
and 90.0 cm2, respectively) (Table 5, section B). Instead, LA of
tomato was the highest in GM2 (222.9 cm2), performing as well
as GM1 (213.0 cm2) (Table 5).
Leaf area is correlated to SLA and LAR, two physiological traits
linked to transplant stress resistance. In fact, transplant stress
resistance decreases when SLA increases (Herrera et al., 2008).
Leaf area ratio, instead, gives an idea of the relationship between
photosynthetic dry matter and respiratory photoassimilates in the
crop (Herrera et al., 2008). In the present study, GM5 showed the
highest values of SLA for baby leaf lettuce and basil (1035.9,
1970.1, respectively), while GM4 displayed the highest value of
SLA in tomato (775.1 cm2 g1). Regarding LAR, GM5 for basil
showed a higher value (1268.8 cm2 g1) than the fertilized
(GM1, 410.1 cm2 g1) and unfertilized control (GM6, 854.4 cm2 g1),
while GM5 (450.3 cm2 g1) and GM6 (531.6 cm2 g1) recorded the
highest values among the investigated treatments in tomato
(Tables 4, 5 and 6, section B). In the present study, results regard-
ing SLA and LAR in tomato plants agree with those reported by
Ronga et al. (2016), who did not find any difference between
the synthetic fertilized treatment and the treatment amendment
with low percentage of compost both in basil and tomato
seedlings.
Finally, in the EU, there is a specific regulation (EU Reg.
1258/2011, amending EU Reg. 1881/2006 that amended EU-Reg.
N. 563/2002) that sets the threshold levels of nitrate content
(below 2500.0 mg kg1 of fresh weight) in the edible part of veg-
etables and, in the present study, all samples of baby leaf lettuce
and basil were below this threshold, ranging between 558.0 and
1892.0 mg kg1 of fresh weight (data not shown).These results indicate that BSPR used as an ingredient of inno-
vative peat-based GM, in any proportion up to 20%, might promote
the growth of baby leaf lettuce, basil and tomato potted plants,
reducing peat utilization and not requiring further addition of syn-
thetic fertilizers. Indeed, plants grown on GM2 and GM3 did not
show any signs of nutrient deficiency and were comparable to
those cropped on GM1. On the other hand, when BSPR was used
in a proportion greater than 20% vol., some phytotoxicity effects
might occur as reported in Tables 4–6 and Figs. 3–5. Finally, future
studies are required to assess the agronomic performance of BSPR
in term of nutrient availability especially for crops with a long
growing season and a high nutrient demand, cropped both in
greenhouse and in open field.4. Conclusions
The use of BSF might be an interesting alternative for recycling
and valuing agro-industrial by-products. To our knowledge, this is
the first study that investigated the suitability of BSPR as an inno-
vative ingredient for the preparation of alternative peat-based GM.
BSPR used in a proportion up to 20% showed chemical, microbio-
logical and agronomic characteristics compatible with baby leaf
lettuce, basil and tomato potted plant production. In fact, plants
grown on GM2 and GM3 mixtures showed agronomic and micro-
biological properties comparable to those recorded in convention-
ally fertilized peat. In particular, agronomic measurements of basil
and baby leaf lettuce highlighted the results that GM2 increases
plant-growth responses (especially dry weight and relevant leaf
traits). However, further and more in-depth studies are necessary
to characterize the BSPR microbial community, to assess their
plant disease biocontrol capacity and to improve its stabilization.
The present results indict that the use of BSPR might offer an
alternative and innovative ingredient for new GM, reducing the
use of both peat and synthetic fertilizers in soilless production,
looking to a greener future.
Finally, it is important to point out that the residue used in this
study was obtained using an artificial diet, and not using real
wastes. Hence, the obtained results should be validated using BSPR
coming from the valorization of real wastes.Acknowledgements
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